In the framework of the soft-wall model of AdS/QCD we calculated the coupling constant of ρ meson to nucleons. The bulk-to boundary propagators for the free vector and spinor fields are presented, whose boundary values correspond to ρ meson and to the nucleon respectively. The interaction Lagrangian between these fields is written in the bulk of AdS space and includes the magnetic type interactions as well. Using the AdS/CFT correspondence from the bulk interaction action we derived g ρN N coupling constant in the boundary QCD. We found that the soft-wall model result for g ρN N constant is more close to the experimental value than the one obtained in the hard-wall model. 
I. INTRODUCTION
The AdS/CFT correspondence [1] [2] [3] discovered in recent decades is successfully applied for solving problems in different branches of physics. This correspondence establishes a duality between the fields in the bulk of an anti-de Sitter (AdS) space with the field theory operators defined on the ultraviolet (UV) boundary of that space. For Quantum Chromodynamics this duality has special importance, since the ordinary perturbation theory does not work at the low energy limit and nonperturbative methods are necessary for the solving problems of strong interactions in this energy
region. An application of AdS/CFT correspondence principle (or holography principle) to the QCD theory, which is named holographic QCD, turned out to be a useful concept for the studies in QCD at low energies. In holographic QCD there are two approaches, which are called top-down and bottom-up ones. A top-down approach includes the QCD models based on the string and D-brane theories. Meanwhile, the bottom-up approach of holographic QCD is based on direct application of the AdS/CFT principle to the theory of strongly interacting particles and so is frequently called AdS/QCD. Two main models of AdS/QCD, which are known as the hard-wall and soft-wall models [4] [5] [6] [7] were constructed under the finiteness condition on the action for the model at the infrared (IR) boundary of AdS space. In the hard-wall model this condition is ensured by the cut off at this boundary and in the soft-wall one this is satisfied by the introduction of an exponential factor, which suppresses the expressions under the integral over the extra dimension at the infinite values of this dimension. These models produce a linearly growing mass spectrum of mesons and they are a powerful tool for the calculation of various coupling constants of strongly interacting particles as well as the form factors for them. In the framework of AdS/QCD models these coupling constants can be derived for both the ground and excited states of mesons and baryons [8, 9, 11] , which enlarges the range of applicability of these models. Besides the calculations performed in the vacuum, the AdS/QCD models are applied to the research of physical effects and quantities in dense nuclear medium [13, 14, 23, 24] . The studies of mesons in the AdS/QCD framework has been started from the pioneering work [4] and the ρ mesons, as a lightest one in the vector meson series, were considered in several papers [7, 11, 25, 27] . Here we aim to consider the ρ meson strong coupling constant with the nucleons in the framework of the soft-wall model in the vacuum. Note, that this coupling constant has been evaluated in the framework of the hard-wall model in [8, 11] and in top-down approach in [27] . For this coupling constant there is experimental data as well, that give rises possibility to make a comparison with it. Such analysis may serve as one more check of the soft-wall model on an example of computing the g ρN N coupling constant.
The present letter was organized as follows: First, we define the bulk geometry for the model, then we briefly present the equation of motion for the free vector, scalar and spinor fields in the bulk and write down the bulk-to-boundary propagators for these fields. Next, we write an interaction Lagrangian for the vector-spinor coupling in this geometry and derive the boundary g ρN N coupling constant from the bulk Lagrangian. Finally, we give a numerical results for the coupling constant and carry out a comparison of the obtained values with the experimental one.
II. THE SOFT-WALL MODEL
Action for the soft-wall model in general can be written in the form:
where
) and the extra dimension z varies in the range 0 ≤ z < ∞.
The exponential factor was introduced to make the integral over the z finite at IR boundary (z → ∞) and the dilaton field Φ (z) = k 2 z 2 is chosen in the usual form for the soft-wall model.
The parameter k is the free one and it is usually fixed by fitting of the mass spectrum with the experimental data for the particles considered in the model. The metric of AdS space is given in Poincare coordinates and its radius has been set R = 1:
The 4-dimensional metric η µν has Minkowski signature:
A. ρ-mesons in soft-wall model Let us introduce in the bulk of AdS space two gauge fields A M L and A M R , which transform as a left and right chiral fields under SU (2) L × SU (2) R chiral symmetry group of the model.
The chiral symmetry group is broken to the isospin group SU (2) V (in vector representation) due to the interaction of the bulk gauge fields with the scalar field X. According to the AdS/CFT correspondence the bulk SU (2) V symmetry group is the symmetry group of the dual boundary theory, i.e. isospin symmetry of QCD and the ρ meson triplet is described by this representation of the SU (2) V group. From the gauge fields A M L and A M R one can construct a bulk vector field
According to the AdS/CFT correspondence of vector field the UV boundary value of the Kaluza-Klein modes of bulk vector field correspond to the vector meson series of the dual theory. Since the ρ meson is the lightest vector meson in particle physics it corresponds to the first state of these modes. Action for the gauge field sector will be written in terms of bulk vector and axial-vector fields as following:
where the field stress tensor is 
The V a µ (p, z) can be written as V a µ (p, z) = V a µ (p)V (p, z) and at UV boundary V (p, z) satisfies the condition V (p, ǫ) = 1, since it is assumed that 4-dimensional physical world resides on this boundary of the AdS space. For the n-th mode
n the equation (5) has the form:
equation (6) is reduced to the Schroedinger equation form and has a solution [4] in terms of Laguerre polynomials L n m :
3 Hereafter we omit the sign of transversality,
For the eigenvalues m 2 n there is a linear dependence on the number n: m 2 n = 4k 2 (n + 1), which enables us to fix the free parameter k. In the AdS/CFT correspondence m 2 n is identified with the mass spectrum of the vector mesons in the dual boundary QCD. For the ρ-meson we have m = 1 and the V n (z) becomes [4, 7] 
We should remark that solution (9) was obtained for the free field case and does not take into account the back reaction of the bulk spinor field, which we will introduce in the next paragraph in order to describe nucleons on the boundary.
B. The axial vector and pseudoscalar fields and chiral symmetry breaking
Let us now consider the axial vector field A M . This field is related with the pseudoscalar field X, which is introduced into AdS/QCD models in order to perform the breaking of chiral SU (2) L ×SU (2) R symmetry by Higgs mechanism [4] . The X field transforms under bi-fundamental representation of this symmetry group and action for this field has a form:
where −3 is the squared 5-dimensional mass of the X field (
and contains an interaction with the axial vector field. So, the equation of motion for the axial vector Kaluza-Klein modes A n (z) takes into account the interaction with the X field [5] :
and the equation of motion for the X field reads:
We should remark that higher order interaction terms can be included into the action for the X field for the accuracy, however we shall satisfy by the (10). Also, for our calculation of g ρN N we
shall be content with the following asymptotic solution 4 of (12) at z → 0 limit:
Here the coefficient m q is the mass of u and d quarks and the σ is the value of chiral condensate.
The coefficients m q and σ were established from the UV and IR boundary conditions on the solution for the field X. At z → ∞ the solution is suppressed by exponential factor.
C. Nucleons in soft-wall model
Nucleons were introduced into the soft-wall model in [6] and their excited states within this model was considered in [9, 12] . In the hard-wall model nucleons were introduced in [11] on the basis of the AdS/CFT correspondence for the spinor field [20] . Following [6] and [12] we shall present here some formulas of profile function derivation for the spinor field in the soft-wall model.
It should be noticed that a nucleon doublet in hard-wall model is described by a pair of bulk fermions, because the left-and right-handed components of the nucleon operator on the boundary are described by the two bulk fermion fields having opposite signs of 5-dimensional mass M (the detailed substantiation can be found in [10] ). However, the soft-wall model Lagrangian contains an additional term ΦΨΨ, which describe the coupling of dilaton field with the bulk fermion fields ( [6] ) and the sign of this term for the second fermion field is chosen an opposite to the one for the first fermion [12] . So, in order to describe the nucleon doublet in the boundary QCD it is necessary to introduce two bulk fermions N 1 and N 2 having opposite signs of M and ΦΨΨ term, then eliminate the extra chiral components on the UV boundary by the boundary conditions. Let us demonstrate the profile function derivation for the fermion field Ψ 1 (x, z) in the bulk of AdS space (2). The action for this field without taking into account the interaction with the gauge fields, can be written as following:
where e N A = zδ N A is the inverse vielbein and the covariant derivative is D N = ∂ N + 
It is convenient to solve (15) for Ψ in terms of left-and right-handed components defined as
In the momentum space the Ψ L,R are written as products of UV 
Using the relation ∆ = 
The n-th normalized Kaluza-Klein mode f (n) L,R (z) of the solutions f L,R with p 2 = m 2 n can be expressed in terms of Laguerre polynomials:
The parameter α is related with the 5-dimensional mass M via α = M + 1 2 . It relates the mass of the n-th mode m n with the number n in the following m 2 n = 4k 2 (n + α), which serves as an another condition to fix the parameter k of the model. The constants n L,R are found from the normalization condition
and are equal to
,
The M is equal to M = For the second bulk fermion field we have to change oppositely the sign of (M + Φ(z)) term in the Lagrangian, (i.e. make a replacement (M + Φ(z)) → − (M + Φ(z)) in (14)), because, as was noted above, this fermion is needed for the description of the another chiral component of the nucleons on the UV boundary. There are following relations between the profile functions of first and second bulk fermion fields [10, 12] :
which can be deduced from (16) as well making the above replacement and 1 → 2 in it 5 .
III. BULK INTERACTION AND THE g ρN N COUPLING CONSTANT
The boundary meson-nucleon coupling constant will be derived from the 5-dimensional action for the interaction in the bulk of the AdS space between the fermion fields N 1 and N 2 with the vector field V µ :
According to the AdS/CFT correspondence the classical bulk action S is the generating function Z for the vacuum expectation value of the current in dual 4-dimensional theory on the UV boundary.
For our problem this principle will be written as
with
is the UV boundary value of the vector field (V (z = 0) = 1) and J µ obtained from the variation of exp (iS int ) will be identified with the nucleon current 6 J µ (p ′ , p) = g ρN Nū (p ′ )γ µ u(p) in the QCD theory, which exists on this boundary of the AdS space.
V 0 µ is the source for the current J µ . There is an energy-momentum conservation relation between 4-momenta q, p ′ and p: q = p ′ − p, which arises as the result of the integration over space-time coordinates x. p ′ and p on the AdS gravity side are four momenta of the bulk spinor fields after and before the interaction with the vector field, respectively. But on the QCD side these are the four momenta of the final and initial nucleon respectively. The integral over z arising in the right-hand side of (22) will be accepted as g ρN N coupling constant existing in the nucleon current J µ (p ′ , p) when two currents, the fermionic current on the boundary and the nucleon current, are identified as above.
Generally, the interaction Lagrangian L int is constructed based on the gauge invariance of the model and it contains different kinds of interaction terms [8, 11] . On constructing the interaction Lagrangian for deriving g ρN N coupling constant we can follow [11] , where this was done in the hard-wall model framework. Since the Lagrangian terms were constructed only on gauge invariance requirement and are not model dependent, it is correct to apply them in the soft-wall model case as well. First, L int contains a term of minimal gauge interaction of the vector field with the current of fermions
where Γ A matrices are the ones in flat tangent space and were defined in the previous section.
After performing the integrals in momentum space and applying the holography principle this
Lagrangian term gives the following contribution to g ρN N constant represented in terms of integral over the z:
where the relations (20) has been used for shortness. In (25) the V 0 (z) = k 2 z 2 √ 2L 1 0 k 2 z 2 is the profile function for the zero Kaluza-Klein mode of the vector field, the UV boundary value of which correspond in the AdS/CFT to the ground-state of ρ meson and the superscript indices n and m indicate the number of excited states of the initial and final nucleons respectively.
We can utilize another Lagrangian terms introduced in [11] in the hard-wall model framework for the description of bulk interaction of the gauge fields with the fermion. These terms are magnetic gauge type interaction ones in the bulk, which are parity-invariant:
The constants k 1 and k 2 were found in [11] from the fitting g ρN N and g πN N coupling constants in the ground-state of nucleons. In spite of the Lagrangian [24] includes the both vector and axialvector fields we shall use it's vector field part. The Γ M N F M N matrix in (26) contains two kind of terms which are Γ 5ν F 5ν and Γ µν F µν . It is useful to present the contributions coming from these terms separately. The action integral (21) of the first kind terms in (26) are expressed in terms of mode profile function derivative V ′ 0 (z) and give a final result for the g ρN N constant in the following expression:
The second kind terms, which are magnetic moment type, lead to the next contribution to the g ρN N :
These integrals have same form as ones obtained in the hard-wall model, except for the exponential factor and different expressions for the profile functions. So, following [11] , we shall keep the description of the g ρN N constant as the sum of two terms, the first of which is g s.w. ρN N = g and correspond to the coupling due to "charge" and the second one, f nm ρ , can be considered as the contribution coming from the interaction of the ρ meson with the nucleons via its magnetic moment. It is recommended to carry out a numerical analysis of these terms separately.
IV. NUMERICAL ANALYSIS
For determination of g ρN N coupling constant we need to calculate integrals for the g (25), (27) and (28). We evaluate these integrals with MATHEMATICA package and then compare the obtained results for the values of g nm ρN N with the experimental data for this coupling constant and with the ones obtained within other models. For this aim the free parameters k, k 1 , k 2 , m q and σ existing in this model should be fixed. For the parameter k it was found two values k = 0.350 GeV in [6] and k = 0.389 GeV [22] . These values were determined from the matching of the mass spectra of the ρ meson and nucleons derived in the soft-wall model with the experimental values for the masses of these particles. The parameters k 1 and k 2 were fixed in [11] in the hard-wall model. Since the interaction (26) is model independent we can apply that values for k 1 and k 2 constants in our calculations. Tables III-IV. Comparison of the soft-wall results with the values obtained from the experiment and from the calculations made within the hard-wall model shows that for all values of parameters the soft wall model gives results more close to the experimental data than the hard-wall model does. We can also notice that the contribution of the g (1) ρN N to the g s.w.
ρN N is three times larger than the one coming from the g (0)
ρN N , i.e. the interaction Lagrangian (26) makes major contribution. In the ground-state of nucleons the tensorial coupling constant f ρ in the soft-wall model has values close to ones in the hard-wall model, but both values larger than the value quoted in [26] .
However, in excited states of nucleons the difference between the results of the hard-wall and soft-wall models increases with the growing of the excitation number n. Unfortunately, there is no experimental data for this coupling constant and so, we cannot make conclusion about which model predicts a reliable result. From the comparison of tables it can also be seen that the g ρN N constant is more sensitive to the value of parameter k than to σ and m q . 
V. SUMMARY
In present letter we calculated the strong coupling constant of ρ mesons with nucleons within the soft-wall model of AdS/QCD. We found that the predictions of the soft-wall model for g ρN N coupling constant are closer to experimental value than that one obtained in the hard-wall model framework. Unfortunately, there is no experimental data for the g ρN N in the case of excited states of the nucleon and the soft-wall model results obtained here disagrees with the ones found in the hard-wall model framework in [11] . Also, the soft-wall model value for the tensorial coupling f ρ agrees with the hard-wall one for the ground-states of nucleons. However, the results for this coupling in the case of excited states of these particles obtained in both models are different and can be checked in future experiments.
